o 

vo 

to » 

c 
w 



I o-| z- 

TRANSMITTAL FORM 



q 1 hereby certify that this correspondence is being deposited with the United States Postal Service as "Express Mail" under 
Label No - EL 705 923 893 US in an envelope addressed to: Box Patent Application, Assistant Commissioner for Patents 
Washington, D.C. 20231 on: / ' / "> 

Katfw DixQn } f 



October 1 1, 2000 
(Date of Deposit) 



Box Patent Application 
Assistant Commissioner 

For Patents 
Washington, D.C. 20231 

Dear Sir: 

Transmitted herewith for filing is the patent application of: 



Attorney Doc.# YQR000361US1 ^057^ 
Mailing Date: October 11.2000 



Inventor(s): Cyril Cabral, Jr. 

Louis Lu-Chen Hsu 



Lawrence Clevenger 
Keith Kwong Hon Wong 



04. 



o"*- 

CI ON 

u 



For: 



Semiconductor Structure Having In-Situ Formed Unit 
Resistors And Method For Fabrication 



Submitted herewith are: 

X 4 sheets of formal drawings showing Figs 1 -6B 

_X An Assignment of the invention to International Business Machines Corporation , together with 

Assignment Recordal Sheet 

X A Declaration for patent application under CFR 1 .63 and 1 .68 

The filing fee has been calculated as shown below: 





No. Filed 


No. Extra 


Small Entity 
Fee 


Large Entity 
Fee 


Total 


Basic Fee 






$355.00 


$710.00 


$710.00 


Total Claims 


33 x20 


13 x 


$9.00 


$18.00 


$234.00 


Indep. Claims 


3 -3 


Ox 


$40.00 


$80.00 


$0 


Multiple Dep. Clms. 






$135.00 


$270.00 


$0 


Assign. Rec. Fee 






$40.00 


$40.00 


$40.00 


TOTAL 










$984.00 



Page 1 of 2 



Mailing Date: October 11, 2000 
Attorney Docket No: YOR000361US1 (057) 



X Please charge Deposit Account No. 50-0510 in the amount of $ 984.00 . A duplicate copy of this sheet is 
enclosed. 

A check in the amount of $ to cover the above calculated filing fee is enclosed 

X The Commissioner is hereby authorized to charge payment of the following fees associated with this 

communication or credit any overpayment to Deposit Account No. 50-0510 . A duplicate copy of this sheet 
is enclosed. 

X Any additional filing fees required under 37 CFR 1 .6 

X Any patent application processing fees under 37 CFR 1.17 




Randy W. Tung 
Reg. No. 31,311 

838 West Long Lake Rd, Suite 120 
Bloomfield Hills, MI 48302 
Phone: (248)540-4040 
Fax: (248) 540-4035 



RWT/kd 
Enclosures 



Page 2 of 2 



SEMICONDUCTOR STRUCTURE HAVING IN-SITU FORMED UNIT 



RESISTORS AND METHOD FOR FABRICATION 

Field of the Invention 

The present invention generally relates to an electronic 
structure that has in-situ formed unit resistors and a method for 
fabrication such structure and more particularly, relates to a 
semiconductor structure that has in-situ formed unit resistors 
fabricated of a refractory metal alloy having a resistivity of at 
least 100 Q-cm and a method for fabricating the structure. 

Background of the Invention 

In conventional electronic devices, resistors are 
electrically connected to a circuit board to provide specific 
electrical resistances to an electronic circuit. 

In semiconductor devices, it has been difficult to 
provide resistors inside a semiconductor structure. Particularly, 
it has not been possible to form by an in-situ method resistors in 
a semiconductor structure that provide high resistance in the range 
of more than several thousand Q/square. The only resistor designed 
for use in a semiconductor device has been a diffusion resistor 
which is built on the surface of a semiconductor substrate. The 
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resistivity of a diffusion resistor is in the range between about 
100 Q/square and about 4,000 Q/square. To date, it has not been 
possible to build unit resistors inside a semiconductor structure, 
and particularly, to built unit resistors in a vertical direction 
5 of the structure. One reason for such difficulty is the 
unavailability of a material that can be used in a semiconductor 
fabrication process that has sufficiently high electrical 
resistivity. 

It is therefore an object of the present invention to 
10 y provide an electronic structure that has in-situ formed unit 
o? resistors therein that does not have the drawbacks or shortcomings 
" ! - i; of the conventional diffusion resistors. 

It is another object of the present invention to 
provide an electronic structure that has in-situ formed unit 
15 U resistors therein by using a high resistivity refractory metal 
alloy. 

It is a further object of the present invention to 
provide an electronic structure that has in-situ formed unit 
resistors therein that are situated in a vertical direction of the 
20 structure. 
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It is still another object of the present invention to 
provide an electronic structure that has in-situ formed unit 
resistors therein that are formed of electrically resistive vias. 

It is another further object of the present invention to 
provide an electronic structure that has in-situ formed 
electrically resistive vias therein wherein the vias are formed of 
a material having a resistivity of at least 100 Q-cm. 

It is yet another object of the present invention to 
provide an electronic structure that has in-situ formed unit 
resistors which are formed of a refractory metal-silicon-nitrogen 
material . 

It is still another further object of the present 
invention to provide a method for forming a semiconductor structure 
that has in-situ formed unit resistors therein by first forming a 
plurality of conductive elements, then a plurality of electrically 
resistive vias in electrical communication with the plurality of 
conductive elements, and then a plurality of conductive elements in 
electrical communication and on top of the plurality of 
electrically resistive vias. 
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It is yet another further object of the present invention 
to provide an electronic structure that has an in-situ formed unit 
resistor in electrical communication with a capacitor which 
includes a unit resistor formed of a high resistivity refractory 
5 metal alloy juxtaposed to and in electrical communication with the 
capacitor . 

Summary of the Invention 

In accordance with the present invention, an electronic 
structure that has in-situ formed unit resistors and a method for 
10:^;: fabricating such structure are provided. The invention further 
%\ provides an electronic structure that has in-situ formed unit 
_l= resistors juxtaposed to and in electrical communication with a 
" s " capacitor. 

U: In a preferred embodiment, an electronic structure that 

15 r| has in-situ formed unit resistors is provided which includes a pre- 
processed substrate which has a first insulating material layer on 
top; a first plurality of conductive elements formed on the first 
insulating material layer; a second insulating material layer 
overlying the first plurality of conductive elements and the first 
20 insulating material layer; a plurality of electrically resistive 
vias that has a resistivity of at least 100 Q-cm formed in the 
second insulating material layer wherein each of the first 
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plurality of conductive elements in electrical communication with 
at least one of the plurality of electrically resistive vias; and 
a second plurality of conductive elements formed on top of the 
second insulating material layer each in electrical communication 
5 with at least one of the plurality of electrically resistive vias. 

In the electronic structure that has in-situ formed unit 
resistors, the pre-processed substrate may be a semiconductor wafer 
that has a first dielectric material layer formed on top, the pre- 
processed substrate may be formed of an electrically insulating 

10 material selected from the group consisting of glass, ceramic and 
T^: polymeric materials. The plurality of electrically resistive vias 
may be formed of a refractory metal-silicon-nitrogen material, or 
may be formed of a refractory metal-silicon-nitrogen material 
wherein the refractory metal is selected from Ta, Nb, V, W or Ti. 

15 The plurality of electrically resistive vias may be formed of TaSiN 
which has a composition of between about 10 at. % and about 55 at. 
% Ta, between about 10 at. % and about 45 at. % Si, and between 
about 30 at. % and about 80 at. % N. The plurality of electrically 
resistive vias each has a diameter between about 0.1 jum and about 

20 100 /urn, and a height between about 10 nm and about 1, 000 nm. The 
plurality of electrically resistive vias may have a resistivity 
preferably of at least 150 Q-cm. 
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The plurality of electrically resistive vias may be 
formed by depositing a TaSiN film layer into a plurality of via 
openings, wherein the TaSiN film layer may have a sheet resistance 
between about 0.3 M-Q/square and about 1 K-Q/square. The plurality 
of electrically resistive vias may further have a diameter 
preferably of about 1 jj,m and a height preferably of about 100 nm. 
The first plurality of conductive elements and the second plurality 
of conductive elements may be formed of a material selected from 
the group consisting of doped polysilicon, metal silicide, 
polycide, refractory metals, aluminum, copper and alloys thereof. 
Each of the first plurality of conductive elements may be in 
electrical communication with two of the plurality of electrically 
resistive vias that are immediately adjacent to each other. Each 
of the second plurality of conductive elements may be in electrical 
communication with two of the plurality of electrically resistive 
vias that are immediately adjacent to each other. 



The electronic structure that has in-situ formed unit 
resistors of the present invention may further include a third 
insulating material overlying the second plurality of conductive 
elements and the second insulating material layer; a second 
plurality of electrically resistive vias that has a resistivity of 
at least 100 Q-cm formed in the third insulating material layer 
wherein each of the second plurality of conductive elements in 
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electrical communication with at least one of the second plurality 
of electrically resistive vias; and a third plurality of conductive 
elements formed on top of the third insulating material layer each 
in electrical communication with at least one of the second 
plurality of electrically resistive vias, whereas at least one of 
the second plurality of electrically resistive vias is in 
electrical communication with at least one of said first plurality 
of electrically resistive vias. 

The present invention is further directed to a method for 
forming a semiconductor structure with in-situ unit resistors by 
the operating steps of first providing a pre-processed substrate 
that has a planar top surface; depositing a first insulating 
material layer on the planar top surface of the pre-processed 
substrate; forming a first plurality of conductive elements on the 
first insulating material layer; depositing a second insulating 
material layer on top of the first plurality of conductive elements 
and the first insulating material layer; forming a plurality of via 
openings in the second insulating material layer, each of the via 
openings exposing one of the first plurality of conductive 
elements; depositing an electrically resistive metal that has a 
resistivity of at least 100 Q-cm into the plurality of via openings 
forming a plurality of electrically resistive vias; and forming a 
second plurality of conductive elements on top of the second 
(64, 610-057) 
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insulating material 
conductive elements 
of the plurality of 



layer wherein each of the second 
in electrical communication with 
electrically resistive vias. 



plurality of 
at least one 



The method for forming a semiconductor substrate with in- 
situ unit resistors may further include the step of depositing the 
electrically resistive metal in TaSiN, or the step of depositing 
the electrically resistive metal by sputtering a Ta-Si alloy target 
in the presence of nitrogen, or the step of depositing the 
electrically resistive metal by co-sputtering from Ta and Si 
targets in the presence of nitrogen. The method may further 
include the step of depositing the electrically resistive metal by 
co-depositing from a Ta target at a sputtering power of at least 50 
W dc and a Si target at a sputtering power of at least 300 W rf. 
The method may further include the step of depositing the 
electrically resistive metal by evaporation or chemical vapor 
deposition. The method may further include the step of patterning 
a layer of the electrically resistive metal by reactive ion etching 
utilizing a photoresist mask, or the step of conducting the RIE by 
using a gas of Cl 2 /0 2 or Cl 2 . The method may further include the 
step of forming the plurality of via openings each having a height 
between about 10 nm and about 1,000 nm, a diameter between about 
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0.1 jum and about 100 /urn. The method may further include the step 
of removing excess electrically resistive material from a top 
surface of the second insulating material layer by chemical 
mechanical polishing. 

The present invention is still further directed to an 
electronic structure that has an in-situ formed unit resistor in 
electrical communication with a capacitor which includes a unit 
resistor that is formed by a first conductive element and a second 
conductive element situated in different levels in the electronic 
structure connected therein between by an electrically resistive 
via, the electrically resistive via may be formed of a material 
that has a resistivity of at least 100 Q-cm; and a capacitor formed 
juxtaposed to and in electrical communication with the unit 
resistor . 

In the electronic structure that has an in-situ formed 
unit resistor in electrical communication with a capacitor, the 
capacitor may be a deep-trench capacitor or a stacked capacitor. 
The unit resistor may be electrically connected in-series with the 
capacitor, or electrically connected in-parallel with the 
capacitor. The unit resistor may be electrically connected to and 
situated on top of the capacitor, or electrically connected to and 
situated below the capacitor. The electrically resistive via may 
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be formed of a refractory metal-silicon-nitrogen material wherein 
the refractory metal may be selected from the group consisting of 
Ta, Nb, V, W and Ti . The electrically resistive via may be formed 
of a diameter between about 0.1 /urn and about 100 fum, and at a 
height between about 10 nm and about 1,000 nm. 

Brief Description of the Drawings 

These and other objects, features and advantages of the 
present invention will become apparent from the following detailed 
description and the appended drawings in which: 

Figure 1A is an enlarged, cross-sectional view of the 
present invention electronic structure showing a first conductive 
material layer deposited on a first insulating material layer. 

Figure IB is an enlarged, cross-sectional view of the 
present invention electronic structure of Figure 1A with the first 
conductive material layer patterned into a first plurality of 
conductive elements. 

Figure 1C is an enlarged, cross-sectional view of the 
present invention electronic structure of Figure IB with a second 
insulating material layer deposited on top. 
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Figure ID is an enlarged, cross-sectional view of the 
present invention electronic structure of Figure 1C with a 
plurality of via openings formed in the second insulating material 
layer . 

Figure IE is an enlarged, cross-sectional view of the 
present invention electronic structure of Figure ID with an 
electrically resistive material deposited into the plurality of via 
openings forming a plurality of electrically resistive vias. 

Figure IF is an enlarged, cross-sectional view of the 
present invention electronic structure of Figure IE with a second 
electrically conductive layer deposited on top of the plurality of 
electrically resistive vias. 

Figure 1G is an enlarged, cross-sectional view of the 
present invention electronic structure of Figure IF with the second 
layer of electrically conductive material patterned into a second 
plurality of conductive elements each in electrical communication 
with at least one of the plurality of electrically resistive vias. 
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Figure 2A is an enlarged, cross-sectional view of the 
present invention electronic structure similar to that shown in 
Figure 1G but the first conductive material layer is formed inside 
an insulating substrate. 

Figure 2B is a plane view of the present invention 
electronic structure of Figure 2A. 

Figure 3 is an enlarged, cross-sectional view of the 
present invention electronic structure wherein a first metal via is 
connected to a ground bus, and a second metal via is connected to 
a power supply, or V dd . 

Figure 4 is a comparison between chip real estate taken 
up by a conventional plate capacitor/diffusion resistor and a 
present invention deep-trench capacitor/high density resistor. 

Figure 5 is a circuit diagram illustrating another 
embodiment of the present invention device wherein unit resistors 
are stacked on top of a deep-trench capacitor. 

Figure 6A is an enlarged, cross-sectional view of a deep- 
trench capacitor in a DRAM device with the present invention high- 
density unit resistors connected on top (not shown) . 
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Figure 6B is a circuit schematic of the deep-trench 
capacitor of Figure 6A. 

Detailed Description of the Preferred and Alternate Embodiments 

The present invention discloses an electronic structure 
or a semiconductor structure that has in-situ formed unit 
resistors, or in-situ formed unit resistors immediately adjacent to 
a capacitor network wherein the capacitor network may be a deep- 
trench capacitor or a stacked capacitor. 

The electronic structure that has in-situ formed unit 
resistors is constructed by a first plurality of conductive 
elements formed in a first insulating material layer or in an 
insulating substrate, a plurality of electrically resistive vias 
formed on top of and in electrical communication with the first 
plurality of conductive elements, and a second plurality of 
conductive elements formed on top of and in electrical 
communication with at least one of the electrically resistive vias. 
The first plurality of conductive elements and the second plurality 
of conductive elements are embedded in and insulated by a 
dielectric material layer, while the plurality of electrically 
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resistive vias are formed in via openings in an insulating material 
layer wherein the via openings have a thickness between about 10 nru 
and about 1, 000 nm, and a diameter between about 0.1 (/m and about 
100 /urn. 

The plurality of electrically resistive vias are formed 
of an electrically conductive material that has a resistivity of at 
least 100 Q-cm, and preferably at least 150 Q-cm. A suitable 
electrically resistive material for filling the via openings is a 
refractory metal alloy, such as one that is refractory metal- 
silicon-nitride. The refractory metal in the alloy may be suitably 
Ta, Nb, V, W or Ti. 

In a typical refractory metal-silicon-nitrogen 
composition such as TaSiN, the Ta content is between about 10 at. 
% and about 55 at. %, the Si content is between about 10 at. % and 
about 45 at. %, and the N content is between about 30 at. % and 
about 80 at. %. In a preferred embodiment, the diameter of the 
electrically resistive via formed is about 1 jum, and a height is 
about 100 nm. 
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The pre-processed substrate for forming the present 
invention electronic device thereon may be a semiconductor wafer, 
such as a silicon wafer or an insulating substrate such as one 
formed by glass, ceramic or a polymer. When a TaSiN alloy is 
deposited into a film for filling the via openings, the TaSiN film 
may have a sheet resistance between about 0.3 M-Q/square and about 
1 M-Q/square, and preferably between about 1 K-Q/square and about 
10 K-Q/square. The first and the second plurality of conductive 
elements may be formed of a material selected from doped 
polysilicon, metal silicide, polycide, refractory metals, aluminum, 
copper and alloys thereof. 

In the preferred embodiment, when one of the first 
plurality of conductive elements is in electrical communication 
with two of the plurality of electrically resistive vias, the two 
vias are normally immediately adjacent to each other. 

In an alternate embodiment, the present invention 
electronic structure can be built such that more than one layer of 
the plurality of electrically resistive vias are formed. For 
instance, a second electrically resistive via layer may be formed 
on top of the second plurality of conductive element layer such 
that at least one of the second plurality of electrically resistive 
vias is in electrical communication with at least one of the first 

(64,610-057) 

YOR000361US1 15 



plurality of electrically resistive vias. This alternate 
embodiment provides another benefit that is made possible by the 
present invention novel structure in that, multiple layers of 
electrically resistive vias can be constructed such that a 
resistance of any suitable value can be achieved by connecting a 
number of vias in-series. The vias may also be connected together 
in a parallel manner such that a specific resistance can be 
achieved. 

In still another preferred embodiment, the present 
invention electronic structure with in-situ formed unit resistors 
may be combined with a capacitor network, such as one that is 
formed by a deep-trench capacitor or a stacked capacitor. By 
making a suitable combination of any number of the unit resistors 
and the capacitors, a desirable circuit can be formed in the 
semiconductor structure. 

The invention further discloses a method for forming a 
semiconductor structure with in-situ unit resistors by forming a 
first plurality of conductive elements, then forming a plurality of 
electrically resistive vias on top of and in electrical 
communication with the first plurality of conductive elements, and 
then forming a second plurality of conductive elements in 
electrical communication and on top of the plurality of 
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electrically resistive vias. The step of forming the electrically 
resistive vias can be carried out by depositing an electrically 
resistive metal in via openings by sputtering an alloy target, or 
by co-sputtering from different metal targets. Either one of the 
processes can be performed in the presence of nitrogen in order to 
form an alloy of refractory metal-silicon-nitrogen. The 
electrically resistive vias may further be formed by depositing an 
electrically resistive metal into the via openings by an 
evaporation technique or by a chemical vapor deposition technique. 

Referring to Figures 1A-1G which illustrate a step-by- 
step process flow of the present invention method for forming an 
electronic structure 10 having in-situ unit resistors therein. The 
method may be started by first depositing on a substrate (not 
shown) formed of either a semiconductor material such as silicon or 
an insulating material such as glass, ceramic or a polymer, a layer 
12 of a dielectric material such as silicon oxide or silicon 
nitride. A layer 14 of an electrically conductive material is then 
blanket deposited on top of the insulating material layer 12. The 
electrically conductive material may be suitably a material such as 
doped polysilicon, metal silicide, polycide, refractory metal, 
aluminum, copper or alloys thereof. 
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In the next step of the process, as shown in Figure IB, 
a first plurality of conductive elements 16 is formed from the 
conductive material layer 14 by standard photolithographic method, 
including resist coating, exposing with a photomask, pattern 
developing and a reactive ion etching. It should be noted that the 
plurality of conductive elements 16 may also be formed by a screen 
printing or stencil printing technique of a suitable conductive 
paste material. A second insulating material layer 18 is then 
blanket deposited on top of the electronic structure 10 by 
embedding the first plurality of conductive elements 16 and by 
covering the top surface 20 of the first insulating material layer 
12. 

In the next step of the process, as shown in Figure ID, 
a photolithographic method is used to form via openings 22 in the 
second insulating material layer 18. The second insulating 
material layer 18 may be suitably formed of silicon oxide or 
silicon nitride. A suitable method for forming the via openings 22 
is a reactive ion etching process, for example, using a CF 4 plasma. 
An electrically resistive metallic material 24 is then deposited on 
top of the electronic structure 10 for filling the via openings 22 
and for covering the top of the structure 10. After excess metal 



(64, 610-057) 
YOR000361US1 



18 



on top of structure 10 is removed, as shown in Figure IE, a 
plurality of electrically resistive vias 24 is left in the via 
openings 22. At the end of the formation process, excess 
electrically resistive material can be removed by a method such as 
chemical mechanical polishing prior to the deposition of the second 
conductive material layer 28. 

A suitable material for the electrically resistive metal 
is a metal or an alloy that has a resistivity of at least 100 Q-cm, 
and preferably at least 150 Q-cm. For instance, one of such 
material is a refractory metal-silicon-nitrogen wherein the 
refractory metal may be selected from the group consisting of Ta, 
Nb, V, W and Ti. When a material such as Ta-Si-N is utilized, the 
material may consist of between about 10 at. % and about 55 at. % 
Ta, between about 10 at. % and about 45 at. % Si, and between about 
30 at. % and about 80 at. % N. A suitable dimension for the 
electrically resistive vias 24 formed may be a diameter between 
about 0.1 //m and about 100 /zm, and a height between about 10 nm and 
about 1,000 nm. 

It has been found that the sheet resistance of TaSiN for 
forming the present invention electrically resistive vias is 
between about 0.3 M-Q/square and about 1 K-Q/square with a 
reasonable uniformity control while a more preferred range for the 
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sheet resistance is between about 1 K-Q/square and about 10 K- 
Q/square. A typical electrically resistive via in the present 
invention preferred embodiment has a dimension of about 1 ^urn in 
diameter and about 100 nm in height. 

Figure IF shows the next step of the process in which a 
second conductive material layer 26 is deposited on top of and in 
electrical communication with the plurality of electrically 
resistive vias 24 and on top of the second insulating material 
layer 18. The second conductive material layer may be deposited of 
the same or a different conductive material selected from doped 
polysilicon, metal silicide, polycide, refractory metal, aluminum, 
copper or alloys thereof. 

To complete the present invention electronic structure, 
the second conductive material layer 26 is formed into a second 
plurality of conductive elements 28, as shown in Figure 1G. The 
formation process for the second plurality of conductive elements 
28 may be similar to that used in forming the first plurality of 
conductive elements 16, i.e. by a standard photolithographic and 
etching method. It is also possible that the second plurality of 
conductive elements 28 may be deposited and formed in a single step 
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by screen printing or stencil printing a conductive paste material. 
The approach provides the additional benefit that a two-step 
deposition/forming process can be reduced to a single step forming 
process . 

Figure 2A illustrates an enlarged, cross-sectional view 
of a present invention structure 10 similar to that of Figure 1G, 
but on an insulating substrate 12. A plane view of the electronic 
structure 10 is shown in Figure 2B. The versatility of the present 
invention process for forming electronic structures with in-situ 
formed unit resistors 24 is thus shown in Figures 2A and 2B. For 
instance, to form a unit resistor that has a single resistance 
value of 1R, the structure shown on the left side of Figure 2B can 
be utilized which includes a conductive element 28 with node Dl 
electrically connected to a single electrically resistive via 24 
and a conductive element 16 with a node D2 . The circuit shown on 
the right side of Figure 2B indicates that a resistance value of 2R 
can be obtained between the conductive element 30 with anode D3 and 
the conductive element 42 by flowing an electrical current through 
via 34 to metal 32, and from metal 32 via 36 to metal 42 which has 
two resistive vias connected in-series. Via 34 and via 36 are 
connected in-series by conductive element 44. The resistance value 
obtained between the conductive element 30 and the conductive 
element 42 or to node D5 therefore doubles that obtained between 
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the conductive element 2 8 and the conductive element 16. 
Similarly, by connecting via 36 and via 38 in-series by the 
conductive element 42, and then connecting via 38 to metal 48 or 
node D6 to have an electrical resistance of 3R. Furthermore, metal 
30 or from node D3 through vias 34,36,38 and 40 in-series by the 
conductive element 46, or node D7, an electrical resistance of 4R 
may be obtained between the conductive element 3 0 and the 
conductive element 46. A versatile electrically resistive via 
network can thus be obtained for any suitable value of electrical 
resistance by utilizing the present invention novel method. 

One implementation example of the present invention 
electronic structure 50 is shown in Figure 3 wherein a first 
conductive element 52 is connected to a ground bus, while a second 
conductive element 54 is connected to a power supply, or V dd . By 
forming the electrically resistive vias 56,58 in different heights, 
different resistance value of R x and R 2 may be obtained. The two 
unit resistors 56,58 are connected in-series by a third conductive 
element 60 as V out . When the third conductive element 60 connects 
between the first conductive element 52 and the second conductive 
element 54, i.e. functions as the V out node, a voltage divider is 
formed. It should be noted that both via 56 and via 58 can be 
formed of any desirable resistance value via size, number of 
elements connected in parallel or in serial. 
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In another embodiment of the present invention, more than 
one level of the electrically resistive vias may be formed and 
connected to each other. For instance, while not shown in the 
drawings, a third insulating material layer may be deposited 
overlying the second plurality of conductive elements and the 
second insulating material layer; and then a second plurality of 
electrically resistive vias that have a resistivity of at least 100 
Q-cm may be formed in the third insulating material layer wherein 
each of the second plurality of conductive elements is in 
electrical communication with at least one of the second plurality 
of electrically resistive vias; and a third plurality of conductive 
elements is then formed on top of the third insulating material 
layer each in electrical communication with at least one of the 
second plurality of electrically resistive vias, whereby at least 
one of the second plurality of electrically resistive vias is in 
electrical communication with at least one of the first plurality 
of electrically resistive vias. 

In an alternate embodiment, the present invention unit 
resistors, or high-density unit resistors since they can be formed 
with small pitch distance in-between as limited only by the 
photolithographic method, may further be combined with a capacitor 
network to form desirable RC circuits. For instance, a suitable 
capacitor system may be a deep-trench capacitor or a stacked 
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capacitor. The embodiment significantly reduces the area required 
for a RC circuit especially with large R and C values. An example 
illustrating the area reduction is shown in Figure 4. Utilizing 
presently available fabrication technology, a capacitance value for 
a plate capacitor of about 5 fF//^m square, and a similar value for 
a deep-trench capacitor of about 230 fF/jum square may be obtained. 
The area saving can be calculated to be about 45 X, as illustrated 
in Figure 4. It should be noted that the diagrams are not 
proportional. When a deep-trench capacitor is used in combination 
with the present invention vertically positioned unit resistors, 
the area saving is even more significant. An area comparison 
between a conventional diffusion resistor 72 and a present 
invention high-density vertical resistor 76 is also shown in Figure 
4. 

A schematic of a sample RC circuit 80 utilizing the 
present invention high-density unit resistors 82 stacked on top of 
deep-trench capacitors 74 are shown in Figure 5. 

A circuit schematic indicating that any desirable number 
of deep-trench capacitor 84, similar to those being used in a DRAM 
array, can be formed in parallel to achieve a relatively large 
capacitor size within a small area. For example, using the state- 
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of-the-art deep-trench capacitor DRAM cell, with 0.18 jum ground 
rule, one can obtain a 1 nf capacitor with a size of about 5,000 

On top of the capacitor array, one can build high-density 
5 resistor arrays. These resistor elements 82 inside the resistor 
array can be connected in parallel or in serial in order to result 
in a desirable resistance value. 

For certain application, RC components are used to build 
•r filter, heater, delay chain, etc. Or they can also be used as 
IOC! elements for an analog circuit application. 

- 7 An enlarged, cross-sectional view of an electronic 

^ structure 90 formed by a deep-trench capacitor 92 as used in a DRAM 

f : chip is shown in Figure 6. The present invention novel method 

2, enables a simple integration of high-density unit resistors 96 with 

15 the deep-trench capacitors 92. 

An enlarged cross-sectional view of a deep-trench 
capacitor array to be used for a high value capacitor. In this 
array, the dynamic random access memory (or DRAM) cell comprises of 
a deep-trench capacitor 103 and a transfer device 104 as shown in 
20 Figure 6B. One node of all the deep-trench capacitor in the array 
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is connected to the plate, the other node is connected to the drain 
of the transfer device 104. In order to disable this transfer 
device, the gate 98 and source/drain 99A and 99B, are all tied 
together to a node called DTCAP. All the trench capacitors have a 
collar region 97 to avoid a parasitic vertical device. The collars 
are formed with a thicker oxide in the range of 200 A thick. The 
node dielectric of the trench capacitor 95 is a thin thermal oxide 
with another thin layer of CVD nitride. The depth of the deep 
trench is about 10 /xm. The trenches are formed in a buried n-well 
92. Inside of the trenches are filled with doped (mostly n-type 
doped) polysilicon 96. The out diffusion of the n-type doped 
polysilicon from the top of the trench joins the device drain nt 
implant region. The CB contact (or contact for bit-line) 99 is 
originally used for bit-line to contact to the source of the 
transfer device, but now is used to shorten the gate, source, drain 
of the transfer device so as to form a DTCAP node. 

As shown in Figure 6A, all the trench capacitors inside 
the array are now connected in parallel. That is, all the DTCAP 
nodes are connected together, and all the plate nodes are connected 
together. For example, if each cell has a capacitor value of 40 fF 
with a size of 0.20 jum 2 , then in order to form a large capacitor of 
InF an array of 25K cells is needed. Total area is 45X smaller 
than a planar capacitor. To form a high-R resistor element on top 
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of the deep-trench array, the steps shown in Figure 1A to Figure 1G 
can be followed. A first metal 100 (optional) and plurality of 
resistive via 101 and second metal 102 to join the resistor element 
in parallel/serial together with the capacitor element. In 
practice the capacitor can be formed without transfer gate. For 
process simplicity, or forming large capacitor and array device 
simultaneously, the transfer gate is inevitable as long as it can 
be disabled. 

The present invention novel electronic structure that has 
in-situ formed unit resistors and a method for forming the 
structure, and in addition, a method for forming multi-level unit 
resistors and structures combining unit resistors with a capacitor 
network have therefore been amply described in the above 
description and in the appended drawings of Figures 1A - 6 . 

While the present invention has been described in an 
illustrative manner, it should be understood that the terminology 
used is intended to be in a nature of words of description rather 
than of limitation. 
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Furthermore, while the present invention has been 
described in terms of a preferred and two alternate embodiments , it 
is to be appreciated that those skilled in the art will readily 
apply these teachings to other possible variations of the 
inventions . 

The embodiment of the invention in which an exclusive 
property or privilege is claimed are defined as follows. 
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Claims 



1. An electronic structure having in-situ formed unit 
resistors comprising : 

a pre-processed substrate having a first insulating 
material layer on top; 

a first plurality of conductive elements formed on said 
first insulating material layer; 

a second insulating material layer overlying said first 
plurality of conductive elements and said first insulating material 
layer; 

a plurality of electrically resistive vias having a 
resistivity of at least 100 Q-cm formed in said second insulating 
material layer wherein each of said first plurality of conductive 
elements in electrical communication with at least one of said 
plurality of electrically resistive vias; and 

a second plurality of conductive elements formed on top 
of said second insulating material layer each in electrical 
communication with at least one of said plurality of electrically 
resistive vias. 
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2. An electronic structure having in-situ formed unit 

resistors according to claim 1, wherein said pre-processed 

substrate is a semiconductor wafer having a first dielectric 
material layer on top. 



3. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein said pre-processed 
substrate is formed of an electrically insulating material selected 
from the group consisting of glass, ceramic and polymeric 
materials , 



4. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein said plurality of 
electrically resistive vias are formed of a refractory metal- 
silicon-nitrogen material. 



5. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein said plurality of 
electrically resistive vias are formed of a refractory metal- 
silicon-nitrogen material wherein the refractory metal is selected 
from the group consisting of Ta r Nb, V, W and Ti. 
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6. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein said plurality of 
electrically resistive vias are formed of TaSiN having a 
composition of between about 10 at. % and about 55 at. % Ta, 

5 between about 10 at. % and about 45 at* % Si, and between about 30 
at. % and about 80 at. % N. 

7. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein said plurality of 
electrically resistive vias each has a diameter between about 0.1 

10v; : .l ^m and about 100 jura, and a height between about 10 nm and about 
ir 1, 000 nm. 

8. An electronic structure having in-situ formed unit 
^' resistors according to claim 1, wherein said plurality of 
f' ! electrically resistive vias having a resistivity preferably of at 

15 =. least 150 £2- cm. 

9. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein said plurality of 
electrically resistive vias are formed by depositing a TaSiN film 
layer into a plurality of via openings, wherein said TaSiN film 

20 layer having a sheet resistance between about 0.3 M-Q/square and 
about 1 M-Q/square. 
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10. An electronic structure having in-situ formed unit 
resistors according to claim 9, wherein said sheet resistance is 
preferably between about 1 K-Q/square and about 10 K-Q/square. 

11. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein said plurality of 
electrically resistive vias having a diameter preferably of about 
1 ,um, and a height preferably of about 100 nm. 

12. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein said first plurality of 
conductive elements and said second plurality of conductive 
elements are formed of a material selected from the group 
consisting of doped polysilicon, metal silicide, polycide, 
refractory metals, aluminum, copper, and alloys thereof. 

13. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein each of said first 
plurality of conductive elements is in electrical communication 
with two of said plurality of electrically resistive vias that are 
immediately adjacent to each other. 
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14. An electronic structure having in-situ formed unit 
resistors according to claim 1, wherein each of said second 
plurality of conductive elements is in electrical communication 
with two of said plurality of electrically resistive vias that are 
immediately adjacent to each other. 

15. An electronic structure having in-situ formed unit 
resistors according to claim 1 further comprising: 

a third insulating material layer overlying said second 
plurality of conductive elements and said second insulating 
material layer; 

a second plurality of electrically resistive vias having 
a resistivity of at least 100 Q-cm formed in said third insulating 
material layer wherein each of said second plurality of conductive 
elements in electrical communication with at least one of said 
second plurality of electrically resistive vias; and 

a third plurality of conductive elements formed on top of 
said third insulating material layer each in electrical 
communication with at least one of said second plurality of 
electrically resistive vias; 

whereby at least one of said second plurality of 
electrically resistive vias is in electrical communication with at 
least one of said first plurality of electrically resistive vias. 
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16. A method for forming a semiconductor structure with 
in-situ unit resistors comprising the steps of: 

providing a pre-processed substrate having a planar top 

surface; 

depositing a first insulating material layer on said 
planar top surface of said pre-processed substrate; 

forming a first plurality of conductive elements on said 
first insulating material layer; 

depositing a second insulating material layer on top of 
said first plurality of conductive elements and said first 
insulating material layer; 

forming a plurality of via openings in said second 
insulating material layer, each of said via openings exposing one 
of said first plurality of conductive elements; 

depositing an electrically resistive metal having a 
resistivity of at least 100 Q-cm into said plurality of via 
openings forming a plurality of electrically resistive vias; and 

forming a second plurality of conductive elements on top 
of said second insulating material layer wherein each of said 
second plurality of conductive elements in electrical communication 
with at least one of said plurality of electrically resistive vias. 
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17. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 16 further comprising the 
step of depositing said electrically resistive metal in TaSiN. 

18. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 16 further comprising the 
step of depositing said electrically resistive metal by sputtering 
a Ta-Si alloy target in the presence of nitrogen. 

19. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 16 further comprising the 
step of depositing said electrically resistive metal by co- 
sputtering from Ta and Si targets in the presence of nitrogen. 

20. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 16 further comprising the 
step of depositing said electrically resistive metal by co- 
sputtering from a Ta target at a sputtering power of at least 50 W 
dc and a Si target at a sputtering power of at least 300 W rf. 

21. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 16 further comprising the 
step of depositing said electrically resistive metal by evaporation 
or chemical vapor deposition. 
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22. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 16 further comprising the 
step of patterning a layer of said electrically resistive metal by 
reactive ion etching (RIE) utilizing a photoresist mask. 

23. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 22 further comprising the 
step of conducting said RIE by using a gas of Cl 2 /0 2 or Cl 2 . 

24. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 16 further comprising the 
step of forming said plurality of via openings each having a height 
between about 10 nm and about 1,000 ran, a diameter between about 
0 . 1 /im and about 100 /urn. 

25. A method for forming a semiconductor substrate with 
in-situ unit resistors according to claim 16 further comprising the 
step of removing excess electrically resistive metal from a top 
surface of said second insulating material layer by chemical 
mechanical polishing. 
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26. An electronic structure having an in-situ formed 
unit resistor in electrical communication with a capacitor 
comprising : 

a unit resistor formed by a first conductive element and 
a second conductive element situated in different levels in said 
electronic structure connected therein-between by an electrically 
resistive via, said electrically resistive via being formed of a 
material having a resistivity of at least 100 Q-cm; and 

a capacitor formed juxtaposed to and in electrical 
communication with said unit resistor. 



27. An electronic structure having an in-situ formed 
unit resistor in electrical communication with a capacitor 
according to claim 26, wherein said capacitor being a deep-trench 
capacitor or a stacked capacitor. 



28. An electronic structure having an in-situ formed 
unit resistor in electrical communication with a capacitor 
according to claim 26, wherein said unit resistor being 
electrically connected to in-series with said capacitor. 
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29. An electronic structure having an in-situ formed 
unit resistor in electrical communication with a capacitor 
according to claim 26, wherein said unit resistor being 
electrically connected in-parallel with said capacitor. 

30. An electronic structure having an in-situ formed 
unit resistor in electrical communication with a capacitor 
according to claim 26, wherein said unit resistor being 
electrically connected to and situated on top of said capacitor. 

31. An electronic structure having an in-situ formed 
unit resistor in electrical communication with a capacitor 
according to claim 26, wherein said unit resistor being 
electrically connected to and situated below said capacitor. 



32. An electronic st 
unit resistor in electrical 
according to claim 26, wherein 
being formed of a refractory 
wherein said refractory metal is 
of Ta, Nb, V, W and Ti. 



ructure having an in-situ formed 
communication with a capacitor 
said electrically resistive via 
metal -silicon-nitrogen material 
selected from the group consisting 
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33. An electronic structure having an in-situ formed 
unit resistor in electrical communication with a capacitor 
according to claim 26, wherein said electrically resistive via 
being formed of a diameter between about 0.1 /urn and about 100 /urn, 
and a height between about 10 nm and about 1,000 nm. 
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SEMICONDUCTOR STRUCTURE HAVING IN-SITU FORMED UNIT 



RESISTORS A ND METHOD FOR F ABRICATION 

Abstract of the Disclosure 

An electronic structure that has in-situ formed unit 
resistors and a method for fabricating such structure are 
disclosed. The electronic structure that has in-situ formed unit 
resistors consists of a first plurality of conductive elements 
formed in an insulating material layer, a plurality of electrically 
resistive vias formed on top and in electrical communication with 
at least one of the first plurality of conductive elements r and a 
second plurality of conductive elements formed on top of and in 
electrical communication with at least one of the plurality of 
electrically resistive vias. The present invention novel structure 
may further be formed in a multi-level configuration such that 
multi-level resistors may be connected in-series to provide larger 
resistance values. The present invention novel structure may 
further be combined with a capacitor network to form desirable RC 
circuits . 
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